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Introduction
Fischer-type carbene complexes (FCCs) have been the interest of many synthetic, 1 structural, 2 electrochemical, electronic, theoretical and spectroscopic studies. [3] [4] [5] [6] [7] [8] [9] [10] 11, 12 In particular, Fischer carbene complexes of chromium have found application in a variety of different organic transformations, 13 cyclization reactions, 14 metal-templated conversions, 15 benzannulation reactions 16 and are particularly useful in the activation of organic molecules. 13 The applicable mechanisms in the syntheses and reaction mechanisms of FCCs in organic reactions are typically explored by quantum chemical calculations 17 and in addition to yielding organic products, substrate-carbene interactions afford numerous novel coordination complexes. 18 Heterogeneous materials can be more easily recovered and recycled from reaction solutions than homogeneous materials. Therefore, the possibility of incorporating FCC complexes onto a solid support to yield heterogeneous materials may lead to new applications of FCCs in the future. The grafting of FCCs on solid surfaces is ill-explored in literature.
Ojeda et al. covalently tethered a W-Fischer carbene complex into the ordered mesoporous
MCM-41 channels, 19 as well as onto a SBA-15 20 amine-silane linker onto a silicon wafer to prepare a 2-dimensional supported Fischer carbene complex which could have a potential application as an anchoring site for proteins. 21, 22 2. Experimental
General
All syntheses were carried out using standard Schlenk techniques under an inert atmosphere of nitrogen or argon gas. 25 Solvents were dried prior to use. Chromatographic separations and purification were performed using nitrogen gas saturated kieselgel (0.063-0.200 mm). Thiophene was purified as described in literature, prior to use. 26 Triethyloxonium tetrafluoroborate was prepared according to a literature procedure. 27 The Subsequently, the hydroxylated Si-wafers was submerged into a mixture of 3-aminopropyltrimethoxysilane (250 mg) in dried toluene (10 ml). The solution was gently stirred for 60 h, avoiding scratching of the Si-surface, with the magnetic stirrer. Following the stirring the amino-functionalized Si-wafer, it is washed with isopropanol (3 x 20 ml) by sonication, and dried under a stream of nitrogen.
Covalent binding of 1-2, onto aminated silicon wafers
The newly prepared amino-functionalized wafers were submerged in a 5 x 10 -1 mol · dm -3 solution of either 1 or 2, in THF. The carbene/THF solution was gently stirred for 24 h with the magnetic stirrer while care was taken not to scratch the Si-surface. The aminofunctionalised wafer was removed from the solution, followed by rinsing it three times with isopropanol (10 ml) and drying under a stream of nitrogen.
X-ray photoelectron spectroscopy
XPS data was recorded on a PHI 5000 Versaprobe system, with a monochromatic Al Kα X-ray source. Spectra were obtained using the aluminium anode (Al Kα = 1486.6 eV)
operating at 50 µm, 12. Gaussian-Lorentz fits (the Gaussian/Lorentz ratios were always >95%).
Results and Discussion

Synthesis
Since the ethoxy moiety of complexes 1 and 2 can easily be substituted by an amino group to afford their amino-containing counterparts complexes 3 and 4, 32 it was also possible to anchor the ethoxy-containing Fischer carbene complexes 1 and 2 onto an amine-capped Siwafer. Complexes 1 and 2 were grafted onto a 3-aminopropyltrimethoxysilane functionalised SiO 2 /Si-wafer to produce S1 and S2 modified Si-wafers respectively (Figure 2 ). Before grafting of the carbene complexes 1 and 2, the two-dimensional silicon wafer was modified to contain amine groups. Activation of a two-dimensional silicon wafer with a (100) surface orientation starts by thermal oxidation to produce a surface layer of ca. 90 nm amorphous -OSi-O-. Hydroxylation of the surface liberates ca. 4-6 silanol (Si-OH) groups per nm 2 , to become hydrophilic. 33, 34 Finally, silanation of the Si-OH groups on the surface with 3-aminopropyltrimethoxysilane, 35 generated the amine-capped silicon wafer. 36 The reaction between the amine-capped silicon wafer and 1 and 2 respectively, produced surfaces S1 and S2 (Figure 2 ). Surfaces S1 and S2 were characterized by XPS as described in section 3.2. Fischer carbene complexes onto an amine-functionalized Si-wafer to form Cr-grafted Siwafers S1 (X = S) and S2 (X = O).
XPS study
The unsupported carbenes 1-4 and the supported carbenes S1-S2 were characterized by X-ray Photoelectron Spectroscopy (XPS). XPS is a well-established surface analysis Table 1 .
The Cr 2p 3/2 photoelectron lines of 1-4, located at between 574-576 eV, gave welldefined single peaks, with a shake-up peak at ca. 3 eV higher (see Figure 3) . The spin orbit splitting between Cr 2p 3/2 and Cr 2p 1/2 is 9.8 and 10.55 eV for 1-2 and 3-4 respectively. The Cr 2p photoelectron lines was deconvoluted, with a single Gaussian peak with a full width at half maximum (FWHM) of ca. 2 eV for 1-2 and ca. 4 eV for 3-4. The asymmetric index, α, (which is the ratio of the half width at half maximum on the high energy side to the half width at half maximum on the low energy side) of the Cr 2p 3/2 for 1-2 and 3-4 are ca. Generally it is found that the binding energy of a metal-electron increases as the ligands attached to the metal become more electronegative (withdraws more electron density away from the metal), 37 causing the metal to bind more tightly to its own electron which leads to the higher binding energy of the metal-electron. Here we obtained the opposite trend, since the thienyl ring of the carbene ligand is more electron withdrawing than the furyl ring, 38 and the Huheey group electronegativity of an amino group (2.61) is higher (more electron withdrawing) than that of an ethoxy group (2.51) on the carbene ligand. 39 We previously found that the trend over a small binding energy range (1 eV) deviates from the general trend obtained over a large binding energy range (4.4 eV). 24 We conclude that the binding energy range measured for 1 -4 is too small to interpret the differences in binding energies. The XPS spectra of surfaces S1 and S2 showed, in addition to the Cr, C, N, O and S peaks, also Si peaks. The Si 2p peaks the XPS of both the grafted samples S1 and S2 could be fitted with three peaks between 100.5 -104.3 eV, see Table 1 and Figure 4 , bottom right. The deconvoluted silicon peak located at the lowest binding energy (100.56 eV) is assigned to -OSi-CH 2 -of the silane (amine group). 42 The second peak at 102.09 eV is attributed to the hydroxyl bound silicon atom -O-Si-OH, while the last peak at 104.28 eV is related to -O-Si-O-on the surface. 43 This assignment is in agreement with previously published work. 36 The The XPS data of the main Cr 2p 3/2 photoelectron lines of the surfaces S1 and S2 (Figure 4 left) revealed that the binding energy of furyl-containing surface, S2, were located at 0.3 eV higher binding energies than the thienyl-containing surface, S1 (Table 1) , the same trend that was found for thienyl-containing carbene compound 1 relative to 2 the furylcontaining carbene compound and thienyl-containing carbene compound 3 relative to furylcontaining carbene compound 4.
The main Cr 2p 3/2 binding energies of the grafted surfaces S1 and S2 (576.52 and 576.82 eV respectively), which are ca 2.3 eV higher than the ethoxy-functionalized complexes 1 and 2, are an indication that grafting did occur. An increase of ca 1.3 eV in the Cr 2p 3/2 binding energy was obtained when comparing the aminocarbenes 3 and 4 to 1 and 2.
The Cr 2p 3/2 binding energy of the surfaces S1 (576.52 eV) and S2 (576. 82 eV) is ca 1 eV higher than the free amine-complexes 3 (575.62 eV) and 4 (575.86 eV). The shifting towards higher binding energies in going from ethoxycarbenes, to aminocarbenes to Si-supported carbenes is illustrated in Figure 5 .
The ratio of the intensities of the satellite and main Cr 2p 3/2 photoelectron lines, I ratio = (I Cr2p3/2satel )/(I Cr2p3/2main ), for surfaces S1 (0.31) and S2 (0.33) is within experimental error the same but much lower than the unsupported complexes 3 (0.57) and 4 (0.87). This indicates that when bound to a Si-wafer, the charge transfer from the ligand is not as strong as when the compound is free. 
